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• Concerned about major stream flooding  resulted in the following. 
o Regional Dams – Flood control, recreation, and water supply 
o Levees 
o Concrete channels or large pipes 
o  Move the water past the site as quickly as possible and fill areas 

in the floodplain. 
• Channels and pipes usually designed for less than a 100 year storm 

and existing conditions. 
  
 

 
 

 

 
 
 
 

 

SWM Pre-1980’s 
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• Concerned about water quality degradation, ground water recharge, low 
flow volume during dry periods, and accelerated stream erosion. 

 
• Laws to preserve wetlands are more rigorously enforced which precludes 

channelization of streams. 
 

• Stream erosion is a big issue along with flooding of properties from the 
from smaller storm events. 
 

  
 

 
 

 

 
 
 
 

 

MDE SWM Issues Early 1980’s 
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• Two and ten year peak flow control required along with infiltration of 0.5” 
of runoff from impervious areas. 

• Maintenance was hit or miss. The more hidden the pond, the less 
maintenance that was achieved. 

• Most ponds had little or no landscaping and were hidden to be out of sight 
to as many people as possible. 

• The ponds were placed in areas that were harder to develop and not as 
valuable, i.e. required but not wanted by many people. 
 

 

 
 

 
 

 

MDE SWM Regulations Early 1980’s 

Poor Maintenance Better Maintenance 
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Dry Pond with No Landscaping 
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• Poor results from the 1980’s laws. 
 

• Many ponds tended to be poorly maintained unless they were located in a 
central area visible to many people.  
 

• Low flow devices were easily clogged, which meant that even a two year 
control was not being achieved. 

 
• Stream erosion still occurring because the two year storm is not the correct 

storm event to control to prevent channel erosion. 
 

• Needed to revise law to achieve water quality improvements in the 
Chesapeake Bay as voluntary efforts were not achieving the goals fast 
enough. 

 
 
 

 

MDE SWM Issues in the Mid-Late 1990’s 
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Stream Erosion 
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SWM –  Poor/Nonexistent Maintenance 

Beaver lodge in a dry pond. 
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• Infiltration still required, but raised to the first inch of rainfall for the total 
area. Approximately 85-90% of the rainfalls events are less than a one inch of 
rainfall. 
 

• By requiring treatment of the first inch of rainfall, effectively 80-85% of the 
rainfall volume in a year is treated or peak controlled. 
 

• ESD was encouraged to some extent by the manual, but not required - therefore 
rarely implemented. 
 

• Implement Channel Protection Volume (CPv) by controlling the 1 year storm 
with extended detention to provide additional protection to the stream 
channels. 
 

• SWM ponds and underground facilities are still part of the menu of items to 
implement CPv control. 
 

• Additional controls for downstream flooding could still be required. 
 

 
 

 
 
 
 

 

MDE SWM Law 2000 
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Bioretention – Circa 2003 Construction 
(Current Status) 
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Bioretention - Circa 2008 Construction 
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• Still concerned about water quality degradation, ground water recharge, 
low flow volume during dry periods, and accelerated stream erosion. 
 

• Environmental Site Design(ESD) to the Maximum Extent Practicable 
(MEP) is required.  
 

• Planning of development requires evaluating all of the factors of a site 
including soils and environmental impacts and their preservation. 
Therefore planners, landscape architects, stormwater engineers, and soil 
engineers need to be on the design team. 

 
• Total water volume treated is similar to the 2000 Maryland Design manual. 

 
• Water Quality Volume(WQv) combined where practical with Channel 

Protection Volume (CPv) i.e. 1 year extended detention, in small, 
numerous devices with smaller contributing drainage areas. 
 
 

 
 

 
 
 
 

 

MDE SWM Law Revised 2007 
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Prince George’s County ESD Matrix: Alternative 
Surfaces and  Disconnections – Circa 2009 
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ESD Menu – Alternative Surfaces 

A-1 
Green Roofs 

A-2 
Permeable Concrete, Permeable 
Asphalt and Interlocking Pavers 

A-3 
Reinforced 
Turf 

Source: Chesapeake Stormwater and American Wick Drain Corp.            Source: Nevue-Ngan Associates                                       Source: Invisible Structures, Inc. and  Terrafirm Enterprises 
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Prince George’s County - ESD Matrix: Micro Practices – Circa 2009 
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ESD Menu – Micro Practices 

M-1 
Rainwater Harvesting 
40 gal. rain barrels to 25,000 gal. cisterns 

M-6 
Micro-
bioretention 

M-5 
Dry Wells 

M-7 
Rain Gardens - 
Commercial 
10,000 sf DA 

M-8 
Grass Swales and 
Bioswales 
20,0000 sf DA 

M-3 
Landscape Infiltration 

M-8 
5,000 sf DA 

M-7 
Rain Gardens - Residential 
2,000 sf DA 

M-6 

Not shown: M-2 Submerged Gravel Wetlands, M-4 Infiltration Berms, M-8 Wet 
Swales. 
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Micro Bioretention 
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• Space required to provide stormwater control - estimated at 15 - 20% of site area 
for commercial/retail if alternative surfaces, green roofs or cisterns are not used. 

 

• If surface devices such as microbioretention, swales, etc. are the only acceptable 
control, there will be a reduction in available land for site improvements, 
building SF, or residential units for less dense developments. 

 

• ESD green space is usually not available for passive/active recreation measures, 
therefore structural measures would be required. 

 

• Areas previously set aside for SWM may be used to help make up for density 
loss elsewhere. 

 

 

 

ESD Impacts to Sites 
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• The denser the development, such as mixed use, the more difficult it is to 
achieve ESD without structural practices and still maintain density. i.e. Smart 
Growth. 

 

• Impediments to ESD need to be removed, such as allowing narrower roads or 
drive aisles, reduce parking space size, allow more storm flow in yards, etc. The 
basic goal is to reduce impervious area. If the impervious area is smaller, less 
treatment area is required for the smaller impervious area, therefore more green 
space is available for the devices. 

 

• Requires buy-in by ultimate user. i.e. Education of benefits to the public for 
acceptance and maintenance. 

 

• Linear projects approaches 100% increase of right of way to accommodate 
practices. 

 

 

 

ESD Impacts to Sites 
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Don’t let ESD be the next mandated visual clutter in the landscape. 

Linear Project 
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• Select devices starting with low hanging fruits, i.e. inexpensive devices such as 
dry wells. Dry wells are also effective as they don’t take up space that can be 
used for other functions. 

 

• Try to use an area for more than one function. i.e. porous paving or pavers 
serve two purposes, parking or sidewalks and water quality. This applies also 
when trying to meet landscape and forest conservation requirements as the 
two are not mutually exclusive. 

 

• For commercial sites use porous paving and resizing of landscape islands that 
can be used for micro-bioretention. 

 

• Consider cisterns that can double storage areas for irrigation of landscaping or 
water reuse in a building. 

 

 

General Design Considerations 



22 

• Designs need to be constructible. Too sharp of curves too make a device more 
natural makes construction far more difficult and expensive. 

 

• How can maintenance be assured so it easy to maintain. What type of 
equipment will be used, access, maintenance schedule. 

 

• Lack of maintenance means all the money spent to construct ESD is just being 
washed into the Bay along with pollutants. It also means the Bay will not get 
cleaner. 

 

• Currently, the made soil for rain gardens, bio retention facilities is costing $100 
per cubic yard. Cheaper alternatives need to be found. 

 

• Design manuals need to be updated to incorporate the new ESD strategies and 
not just pasted into a current manual 

General Design Considerations – Con’d 
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TYPE 
SIZE OF 

FEATURE 

PAVED AREA 
TREATED (WQv 

ONLY) 

PAVED AREA TREATED        
(ESD to the MEP) 

Micro-Bioretention 
(Filter Area Only) 

500 SF 14,000 SF 6,000 SF 

Dry Well 4’ x 5’ x 5’ 500 SF 200 SF 

Rain Barrel 55 Gal 90 SF 40 SF 

Cisterns 1,000 CF 12,000 SF 4,600 SF 

Street Tree System 
(Planter boxes) 

120 SF 2,500 SF 1,000 SF 

Green Roof – 8” Thick 1,000 SF 2,000 SF 650 SF 

Porous Paving/Pavers 12” thick /1,000 SF 2,600 SF 1,000 SF 

•     Assumes B soil and 6” dry storage depth  and 3 ‘ deep made soil material for Micro 
Bioretention and Street Tree System. 
•     Assume 100% impervious contributing drainage area 
 

 

B Soils 

Water Quality Features Guidance Menu 
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TYPE 
SIZE OF 

FEATURE 

PAVED AREA 
TREATED 

(WQv ONLY) 

PAVED AREA TREATED        
(ESD to the MEP) 

Micro-Bioretention 
(Filter Area Only) 

500 SF 15,000 SF 7,000 SF 

Dry Well 4’ x 5’ x 5’ 500 SF 230 SF 

Rain Barrel 55 Gal 90 SF 45 SF 

Cisterns 1,000 CF 12,000 SF 5,400 SF 

Street Tree System 
(Planter boxes) 

120 SF 3,300 SF 1,500 SF 

Green Roof – 8” Thick 1,000 SF 2,000 SF 650 SF 

Porous Paving/Pavers 12” thick /1,000 SF 2,100 SF 1,000 SF 

•     Assumes C soil and 6” dry storage depth  and 3 ‘ deep made soil material for Micro 
Bioretention and Street Tree System. 
•     Assumes 100%  impervious contributing drainage area  

C Soils 

Water Quality Features Guidance Menu 
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ESD Menu – Micro Practices 

M-6 
Micro-bioretention / Expanded Tree Pit 
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Micro Bioretention – Cul de Sac 
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Micro Bioretention - Suburban 
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Source:  Environmental Services, San Mateo County, CA and Nevue-Ngan 
Associates 
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Source:  Environmental Services, San Mateo County, CA and Nevue-Ngan Associates 

Micro Bioretention - Suburban 
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Source:  Environmental Services, San Mateo County, CA and Nevue-Ngan Associates 

Micro Bioretention - Urban 
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Source:  Environmental Services, San Mateo County, CA and Nevue-Ngan Associates 

Micro Bioretention - Urban 
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WIP Cost Information 
Table 2. Preliminary scenario for urban impervious retrofits to meet County MS4 permit by 2017 

BMP type 

Impervious 
area 

Pervious area 
Estimated cost per 
impervious acre   

Estimated total 

(acres) (acres) ($/acre) cost 

County  

Bioretention areas 305 1,728a $100,000  $30,500,000  

Filtering practices 379 2,148a $100,000  $37,900,000  

Infiltration practices 1,124 6,369a $100,000  $112,400,000  

Filtration ponds 725 4,108a $35,000  $25,375,000  

Wetland restoration 251b 199b $82,669c $20,750,000  

Stream restoration 645b 3,655a $55,764c $35,968,000  

Forest buffer 484d 939e $11,763c $5,693,273  

Dry pond retrofits 1,222b 3,477b $15,712c $19,200,000  

Urban nutrient 
management 

1,222d 11,108e Minimal $100,000  

Impervious area disconnect 975e   $30,000  $29,235,000  

State phosphorus fertilizer 
reduction 

tbdf tbd Minimal Minimal 

Sum for County   7,109 33,732 $44,607  $317,121,273  

Municipal without Bowie 

Bioretention areas 75 175a $100,000  $7,500,000  

Filtering practices 89 208a $100,000  $8,900,000  

Infiltration practices 329 768a $100,000  $32,900,000  

Filtration ponds 216 504a $35,000  $7,560,000  

Urban nutrient 
management 

111d 1,232e Minimal Included in above 

Impervious area disconnect 108e   $30,000  $3,240,000  

State phosphorus fertilizer 
reduction 

tbd tbd Minimal Minimal 

Sum for Municipal without 
Bowie 

928 2,886 $64,771  $60,100,000  

County and Municipal (without Bowie) 

Total 8,037 36,618 $46,936  $377,221,273  

Notes: 

a. Pervious area estimated from amount of impervious land treated. 

b. Known number of acres. 

c. Estimated cost per acre is based on known total projected project cost. 

d. Impervious area is calculated from equivalent impervious acres per MDE’s June 2011 draft document, Accounting for 
Stormwater Wasteload Allocations and Impervious Acres Treated. 

e. Estimated/assumed amount. 

f. These amounts will be determined by the state. 
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WIP Cost Information 

Table 3. Preliminary additional BMP scenario for urban impervious retrofits for 
2017–2020 

BMP type 
Impervious area Pervious area 

(acres) 

Estimated cost per 
impervious acre    

Estimated total 

(acres) ($/acre) cost 

County  

Bioretention areas 691 3,916a $85,000  $58,735,000  

Filtering practices 275 1,558a $85,000  $23,375,000  

Infiltration practices 675 3,825a $85,000  $57,375,000  

Filtration ponds 1,265 7,168a $35,000  $44,275,000  

Wetland restoration 502 398 $82,669b $41,500,000  

Stream restoration 1,290 7,310 $55,764b $71,936,000  

Forest buffer 484 2,743 $11,763b $5,693,273  

Impervious area disconnect 975c   $30,000  $29,235,000  

Sum for County   6,157 26,918   $332,124,273  

Municipal without Bowie 

Bioretention areas 165 385a $85,000  $14,025,000  

Filtering practices 85 198a $85,000  $7,225,000  

Infiltration practices 216 504a $85,000  $18,360,000  

Filtration ponds 716 1,671a $35,000  $25,060,000  

Impervious area disconnect 108c   $30,000  $3,240,000  

Sum for Municipal without 
Bowie 1,290 2,758 

  
$67,910,000  

County and Municipal (without Bowie) 

Total 7,447 26,918 $53,721  $400,034,273  

Notes: 

a Pervious area estimated from amount of impervious land treated. 

b. Estimated cost per acre is based on known total projected project cost from 2017 scenario. 

c. Estimated/assumed amount. 

Urban nutrient management was represented in Table 2. Once installed, structural BMPs and impervious disconnection 
will begin performing towards required pollutant reduction with appropriate maintenance. Urban nutrient program is 
an institutional control that should continue to be implemented continuously to meet required pollutant reduction and is 
only needs to be input into the model/MAST once, as reported in Table 2. 
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• Lack of maintenance means investment by County Agencies (Taxpayers) 
as part of the WIP requirements or developers for new or redevelopment 
projects is being wasted. 

 

• Lack of maintenance could also include removal of the device by owner, 
bankruptcy, diversion around device, device failure, and other means that 
prevent the device from meeting it’s design intent. 

 

• Lack of maintenance means the Chesapeake Bay cleanup goals will not be 
met. 

 

 

 

 

Maintenance of ESD Devices 
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WIP Cost Information 

“Costs of Stormwater Management Practices in Maryland Counties”  by Dennis King and Patrick Hagan 
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Bioretention (Slide 11) – March 2008 
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Bioretention – September 2009 
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Bioretention – April 2011 
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